India is a large country with all types of climates and different kinds of soil requiring different types of farming. Most of the agricultural land in India is dependent on rainfall for irrigation. India has about 15 Agro-climatic zones with different types of farming methods and crops. As most of the population is dependent on agriculture and two-third of the country depend on monsoon rains to aid in agriculture, any change in frequency of the rains will affect these areas critically. Assessment of the effects of global climate changes on agriculture might help to properly anticipate and adapt farming to maximize agricultural production. At the same time agriculture has been shown significant effects on climate change, primarily through the production and release of greenhouse gases such as carbon dioxide, methane, and nitrous oxide. The impact of climate change on agriculture could result in problems like food security and may threaten the livelihood on which much of the population depends. Climate change can affect crop yields ( both positively and negatively), as well as the types of crop that can be grown in certain areas, by impacting agricultural inputs such as water for irrigation, amounts of solar radiation that affect plant growth, as well as prevalence of pests. The impact of climate change on wheat showed that its yield decreased due to the adverse effects of temperature during grain filling and maturity stages of the growth. The results of this study indicate that crop characteristics such as sensitivity of grain filling duration to temperature, play a major role in determining the effects of climate change on crop productivity. Several studies projected increase or decrease in yields of cereal crops, oilseed and pulses crops depending on interaction of temperature and CO 2 changes in India. The present study has selected a thirteen years period from 2000 -2012. . In India, it was found that increase in temperature about 2 0 C reduced potential grain yields in most places. Regions with higher potential productivity such as northern India were relatively less impacted by climate change than areas with lower potential productivity. Overall increase in temperature predicted to reduce yields. Hence an attempt is made to analyse the vulnerability of agricultural production with objective of determining differences in Average temperature. The role of climate as a determinant of agriculture has long been recognized. It is only in the last decade that the reciprocal effect has come to light ie., the role of agriculture as a potential contributor to climate change.
Introduction
Global warming is projected to have significant impacts on conditions affecting agriculture, including temperature, carbon dioxide, precipitation and the interaction of these elements. Assessment of the effects of global climate changes on agriculture might help to properly anticipate and adapt farming to maximize agricultural production. At the same time agriculture has been shown significant effects on climate change, primarily through the production and release of greenhouse gases such as carbon dioxide, methane, and nitrous oxide [1] . Land use change such as deforestation and desertification, together with use of fossil fuels, are major sources of carbon dioxide, hence agriculture itself is the major contributor to increasing methane and nitrous oxide concentration in earth's atmosphere. The impact of climate change on agriculture could result in problems like food security and may threaten the livelihood on which much of the population depends. Climate change can affect crop yields ( both positively and negatively), as well as the types of crop that can be grown in certain areas, by impacting agricultural inputs such as water for irrigation, amounts of solar radiation that affect plant growth, as well as prevalence of pests. The impact of climate change on wheat showed that its yield decreased due to the adverse effects of temperature during grain filling and maturity stages of the growth. The results of this study indicate that crop characteristics such as sensitivity of grain filling duration to temperature, play a major role in determining the effects of climate change on crop productivity [2] . Several studies projected increase or decrease in yields of cereal crops, oilseed and pulses crops depending on interaction of temperature and CO 2 changes in India. The present study has selected a thirteen years period from 2000 -2012. The period was chosen because during this period global mean surface temperature rose a little less than 1 degree Celsius during 20 th century. It does not seem too high, but has caused conspicuous increase in storm, cyclones, floods, droughts and ragging forest fires in the last 10 years. During the last 50 years the rate of global warming has doubled. As per the estimates, during the 21 st century increase in temperature will rise upto3 to 5 degree. Celsius is expected to be large in India. In India, it was found that increase in temperature about 2 0 C reduced potential grain yields in most places. Regions with higher potential productivity such as northern India were relatively less impacted by climate change than areas with lower potential productivity. Overall increase in temperature predicted to reduce yields. Hence an attempt is made to analyse the vulnerability of agricultural production with objective of determining differences in Average temperature.
Impact on Agriculture
Agriculture can be disrupted by wildfire and changes in seasonal periodicity, which is already taking place, changes in grasslands, water supplies could impact grazing and welfare of domestic livestock. Increased warming may have a greater impact on countries, whose climate is near at a temperature limit. New crops will be able to grown in areas that are currently too cold to support them. However, more pests and diseases may upset any benefits. Water resources will also be affected. Even some reservoirs may dry up, especially when monsoon fails. Rising sea levels may pollute fresh groundwater supplies with salt water.
India is a large country much of Indian agriculture depends on seasonal rainfall and is therefore very sensitive to any failure or irregularity of the same. The problems of inadequate or irregular rainfall are closely connected with each other. It is clear that the adoption of techniques such as preserving water and integration of rivers throughout the country therefore serve double purpose.
Agriculture sector alone represents 23 per cent of India's Gross National Product (GNP), plays a crucial role in the country's development and shall continue to occupy an important place in the national economy. It sustains the livelihood of nearly 70% of the population. Agriculture is extremely vulnerable to climate change. Indian agriculture faces the dual challenge of feeding a billion people in a changing climate and an increase in economic scenario. Even it is the main source of livelihood for almost 60% of the country's total population. The impacts of climate change on agriculture will be severely felt in India. It has been projected that the rise in temperature likely to go up from 2.5c to 4.9C. This in turn will decrease the production of rice yields by 32%-40% and wheat yields by 41%-52%. This would cause GDP to fall by 1.8%-3.4% (Government of India 2011) [3] .
Climate change can cause a loss of 10-40% crop production by 2100 and reduce farm income between 4% to 26% in India. [10] Decline in forest productivity, [12] would inundate 1700 km of prime agricultural land in Orissa and West Bengal [20] , and is likely to affect 5763 km, and put 7.1million people at risk [27] .
Changes in the temperature, solar radiation, and precipitation will have an impact on crop productivity and livestock agriculture. Climate change will also have an economic impact on agriculture, including changes in farm profitability, prices, supply, demand, trade and regional comparative advantages. There are two ways of climate change that can affect the food production system. One is direct and another one is indirect. In direct changes happen through temperature, water balance atmospheric composition as well as extreme weather events ie., Crop yield decreases by temperature. Wheat production will be reduced. Rabi crops will be worst hit, which will threaten food security and indirectly changes in the distribution, frequent severe pest disease outbreaks, incidence of fire in agriculture lands. This direct and indirect effect on agricultural system is not only because of climate change but also due to fluctuating yield on production and distribution.
Global warming can affect agriculture in a number of ways. Beyond a certain range of temperatures, warming tends to reduce yields, producing less grain in process. And higher temperature also interfere with the ability of plants to get and use moisture. Evaporation from the soil accelerates when temperature rise and plants increase transpiration -that is losing more moisture from their leaves. The combined effect is called 'Evapotranspiration'. Because global warming is likely to increase rainfall, the net impact of higher temperature on water availability is a race between higher evapotranspiration and higher precipitation. Typically, that race is won by higher evapotranspiration. Heavy rainfall in some areas causes huge damages to the crops. Due to deforestation very low rainfall and unusual monsoon leads to increased dry lands. Ultimately agriculture production stands unpredicted.
Signs of Global Warming and Climate Change
The signs of global warming are everywhere and every summer appears to be hotter than that of in the past. Wells are becoming dry and the ground water has depleted. In April, the country experienced the rise in temperature and that reflected in less production of apples. In Uttarakhand and Himachal Pradesh, due to temperature rise less rain and snow. The apple belt has shifted 30 kilometers northward to higher altitude from 9000 feet to 12000 feet above sea level. In high altitudes areas like Laddakh, has less chance more vegetables due to the increase in temperature. Houses in the foothills of the Himalayas have begun to install ceiling fans for the first time, as the average temperature has been increased. The increase in temperature gives room to mosquitoes and house flies, which are uncommon till now. Malaria, which is found to be rare at a height of 1500 meters above sea level, is now more common in towns like Nainital, which is 2000 meters above sea level. Farmers all over India are switching over to crops requiring less water as the rains have become irregular. In many places, the farmers used to plant the upland rice varieties that do not require stagnant water. Grapes are requiring a larger amount of water for irrigation and growth; this again is attributed to the climate change. As the monsoon in winter unusually shifted to April in Himanchal Pradesh, they wash away the pollens of the apple flowers, thus contributing to a lower yield of the crop. Wheat production in India is decreasing every year due to the change in climate and other global warming effects. According to IARI, rise in every one degree Celsius increase the ratio in temperature and that reduces wheat production by 4-5 million tons. In high altitude areas like Leh, the tropical vegetables like bitter guard, pumpkin, tomato, watermelon and capsicum could not be grown locally and had to be get from lower altitude in the past. It is now common to see farmers from these areas growing the same vegetables for personal as well as commercial use. In fact, the seas and the fisheries also have been affected by global warming as the sardines are shifting from the Arabian Sea to the Bay of Bengal, traditionally not their normal habitat.
Theoretical Evidence
India is a large country with various types of climate and much of its agriculture depends on seasonal rainfall for irrigation. Some of the parts in the country are drought prone and the other parts are flooding prone. According to the IPCC report 2001, in the year 1998, India experienced a worst hot spell in 50 years and around 3,000 lives were affected. In the subsequent year 1999 about 10,000 lives were affected because of tropical cyclone in Orissa. In India climate change reduces the crop production from ten percent to fourty percent by 2010 and this may cause reduction in farm income from four percent and twenty six percent reduction in forest productivity. The researchers examined the impact on agricultural yields, output, income and prices in India. The researcher estimated that in winter wheat yield losses more than that of rice and it would affect the lower income groups of the society. The studies predicted that carbon fertilization effects and farm-level adaptations would nullify the adverse impact on climate change. In India it is analysed that overall temperature rise is likely to be much higher during the winter season rather than in the rainy season. It is projected that by the end of the 21st century, rainfall over India will increase by 10-12% and the mean annual temperature by 3-5°C. The warming is more pronounced over land areas with a maximum increase over northern India.
Researchers from Stanford University found that the global production of four major crops, maize, wheat, rice and soyabean found to be declined by 3.8 percent and 5.5 percent, respectively. However, the effect on rice and soyabean was insignificant with gains and losses in different countries balancing each other, reported by David B Lobell, department of environmental earth science, Stanford University in the US.
The intergovernmental Panel on Climate Change (IPCC) in its 2007 report declared that an increase in global average temperature by 0.18 o C. The study insists that the global warming effects the production of about 20 percent increase in global market prices of the four crops. The various studies conducted in India have shown that the surface air temperatures in India are going up at the rate of 0.4 o C per hundred years, particularly during the post monsoon and winter season. Using various models they predicted that mean winter temperatures will increase by 3.2 o C in the 2050s and 4.5 o C by 2080s due to GHGs. Summer temperature will increase by 2.2 o C in the 2050s and 3.2 o C in the 2080s. Aggarwal and Mall (2002) [4] studied the impact of climate change on grain yields of irrigated rice with two crop simulation models ie., CERES-rice model and ORYZAIN at different levels of management. The study shows that climate change increase upto one degree in temperature and 416 ppm CO 2 in 2010 scenario and 0.4 0 C temperature and 755 CO 2 in 2070 scenario is said to be an optimistic scenario, whereas increase of 0.3 0 C temperature and 397 ppm CO 2 in 2010 scenario and 2.0 0 C temperature and 605 ppm CO 2 in 2070 scenario is a pessimistic scenario of climate change. The result shows the direct effect of climate change on rice crops in India. On the basis of study rice yields would increase the yield between 1.0 and 16.8% in pessimistic scenario and 3.5 and 33.8% in optimistic scenarios. The conclusion of the study points out that suitable agronomic and resource management options may nullify the ill effects of climate change on growth and yield of crops.
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Anupam Khajuria and Ravindranath (2012) [5] studied the assessment of impacts and vulnerability of climate change and to develop the policies of adaptation strategies to cope up the reduction of climate effect on Indian agriculture. The major effects was focused in the study to generalized as changes in the geographical limits to agriculture, changes in crop yields and impacts on agricultural system. Since Indian agriculture is particularly sensitive to climate change and variability. The purpose of the study is to comprehend the issue of impact and assesses the vulnerability of agriculture sector. Hence a assessment framework was made regarding the climate changes, its impact and adapative strategy. The study concluded that a range of adaptation strategies make the opportunity to improve the agriculture management in the context of climate change for sustainable development towards the climate resilient pathways.
Cooper, (2000) [6] , in his observation points out that, due to global climate change that as temperature and precipitation has direct inputs in agricultural production, many believe that the largest effects of climate change will cause an huge impact on agriculture. However, under the conditions of climate change, agriculture production rises in the higher latitudes, partly because of an increase in arable land and production tends to fall in the tropics, mainly due to an assumed decline in the availability of water. Das and Kalra (1995) [7] , evaluated the fertilizer and resource management for enhancing crop productivity under inter-annual variations in weather conditions. The results revealed that sensitivity of crop yields to climatic variability need inputs management in relation to climatic variability. Simulation models for judging the soil nutrient availability and subsequently relating to growth and yield of crops are available, but needs to be refined and thoroughly tested for the climate change event. Hundal and Kaur (1996) [8] , examined the climate change impact on productivity of wheat, rice, maize and groundnut crop in Punjab. The climate in other regions that variables remain constant, the temperature increase of 1,2 and 3 • C from present day condition, would reduce the grain yield of wheat by 8.1, 18.7 and 25.7%, rice by 5.4, 7.4 and 25.1%,maize by10.4,14.6 and 21.4%and seed yield in groundnut by 8.7,23.2 and 36.2%, respectively.
Kavi Kumar (2009) [9] ,Climate change impact studies on agriculture are broadly based on agronomic -economic approach and Ricardian approach. The Ricardian approach, is similar in principle to the Hedonic pricing approach of environmental valuation, received a significant attention due to its elegance and also some strong assumptions it makes. This paper attempts to extend the existing knowledge in this field by specifically addressing two important issues: (a) extent of change in climate sensitivity of Indian agriculture over time; (b) importance of accounting for spatial features in the assessment of climate sensitivity. The analysis based on four decades of data suggests that the climate sensitivity of Indian agriculture is increasing over time, particularly in the period from mid -eighties to late nineties. This finding corroborates the growing evidence of weakening agricultural productivity over the similar period in India. The results also show presence of significant positive spatial auto correlation, necessitating estimation of climate sensitivity while controlling the same. Many explanations is characterized by the fact for the existence of spatial autocorrelation, this paper tends to the conclusion of existence that inter -farmer communication could be one of the primary reasons for the spatial dependence. Field studies carried out in Andhra Pradesh and Tamil Nadu through group discussions to more evidence in this direction. Lal et al. (1998) [10] , examined the vulnerability of wheat and rice crops in northwest India through sensitivity experiments with CERES model and found that under elevated CO 2 levels, yields of rice and wheat increased significantly (15and 28% for a doubling of (CO 2 ). However, a 3•C (2 •C) rise in temperature cancelled out the positive effect of elevated CO 2 on ISSN:0097-8043
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Copyright ⓒ 2019Authors wheat (rice). The combined effect of enhanced CO 2 and imposed thermal stress on the wheat (rice) crop is 21% (4%) increase in yield for the irrigation schedule presently practiced in the region. While theadverseimpactoflikelywatershortageonwheatcropswouldbeminimizedtoa certain extent under relevated CO 2 levels, it would largely be maintained for the rice crops resulting in net decline in the rice yields. Mall et al.(2006) [11] , presented a review on the impact of climate change on Indian agriculture, mainly from the perspective of physical impact. The available evidence shows a significant drop in yields of important cereal crops like rice and wheat under climate change conditions. However, biophysical impacts on some of the important crops like sugarcane, cotton and sunflower are yet to be focused. Mendelsohn et al. (1994) [12] , analyzed climate change effects on Indian agriculture, through annual net revenues, by using Ricardian method. The three methodologies, as adopted in the study, found that Indian Agriculture is sensitive to warming. The analyses further shows year-to-year climate sensitivity to the system's response. The study revealed that net revenues fall precipitously due to warm weather in the month of April, but also sensitive to warmer January and July. Crop revenues increased in October due to the temperature. Net revenues were also sensitive to precipitation, but the effects were smaller and off-setting. A warming scenario of+2.0•C rises in mean temperature and a+7% increase in mean precipitation levels will create reduction in the net revenues ,as revealed from the three approaches. The impact is differential on spatial land temporal scales. But the study seemed to be weak for linking with the biophysical aspects. Even then, this kind of a study is an inception for future.
Prasad and Rana, (2006) [13] observed that crop yield loss varied between 10 to 100% in the case of horticultural and seasonal crops, when there was a cold wave from December The regression estimation has proved the suitability of the model was recorded R 2 value of 0.99. The probability value was estimated and recorded less than one (p< 1) which implies the most significant of the model in 5% and 1% level. The independent variable α 4 with .425 had recorded 0.425 units' positive change in cultivation of Food grains Production. The probability value was estimated and recorded less than one (p< 1) which implies the most significant of the model in 5% and 1% level. Rice, Wheat, Coarse cereals and pulses α 1 > .398 , α 2 > .626 , α 3 > .642, α 4 > .430 indicates the increasing return with Average Temperature.
CONCLUSION
Climate is an important determinant of the geographical distribution, composition and productivity of forests. To reduce global warming the results suggests that having the right policies and institutions in place may help attenuate the effects of temperature shocks to some extent. However, the necessary steps to minimize the impact of climate change will have to be taken at both the country level and global level. In order to reduce the impact of changing weather patterns, emerging market and low income economies will have to build significant macroeconomic resilience. Climate change will affect the agriculture sector in various parts of the country in different proportion. In India, agriculture and agro-based industries is the single largest component of GDP. The sector contributes nearly twenty five percent of the total GDP. It has direct impact on poverty eradication and is an important variable in employment generation. Moreover, Indian agriculture is basically dependent on climate for higher productivity. Some important factors that play vital role are increase in temperature, wide geographic distribution, precipitation pattern and other climate variables. This indicates that hot region of the country will have a decrease in productivity and cold regions may increase the food production. Hence there will be a change in place of food production and also a change quantity of food production. As the study states that due to rise in greenhouse gas emission ie., carbon dioxide is the main anthropogenic greenhouse gas which in turn causes increase in temperature. The rise in temperature is largely due to man-made causes and partly due to natural causes. This widely have an impact on crop yields, affecting supply of ground and surface water, change in hydrological cycle. The impact of climate change not only affect physical availability of food but also the income of people.
